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LAKE SUPERIOR BATHYTHERMOGRAPH DATA

George A. Leshkevich

Water temperature profiles for a longitudinal cross
section of Lake Superior were collected aboard vessels
operated by the United States Steel Corporation during the
1972~73 and 1973-74 winter seasons. Seven cruises were
made during this period, four during the first winter season
and three during the second. This information was collected
as part of the Great Lakes Environmental Research Laboratory's
participation in the program to examine the feasibility of an
extended navigation season on the Great Lakes and the St.
Lawrence Seaway.

The temperature profiles were made with a portable ex-
pendable bathythermograph system and were taken at 30-minute
to l-hour intervals, resulting in 24 to 45 measurements per
cruise. Temperature profile data from the surface to a
maximum depth of 200 m (656.16 ft) is presented in tabular
form for each cast.

1. INTRODUCTION

This report presents water temperature profile data collected
across Lake Superior as part of the Great Lakes Environmental Research
Laboratory's™ participation in the multi-year demonstration program to
extend the navigation season on the Great Lakes and the St. Lawrence
Seaway. Water temperature profiles were taken in the months of
December, January, and February during the 1972-73 and 1973-74 winter
seasons.

Temperature measurements were made using an expendable bathy-
thermograph (XBT) system and were taken from ore carriers of the United
States Steel Corporation's Great Lakes Fleet. This report describes
the instrumentation and methods used in collecting the temperature
profiles and presents an edited version of this data in tabular form.

* In April 1974, the Limnology Division, Lake Survey Center, National
Ocean Survey, was transferred to the Great Lakes Environmental Research
Laboratory of the Environmental Research Laboratories. Reference is
made to Lake Survey Center since this work was initiated and conducted
under that organization.



2. DATA COLLECTION
2.1 Sampling Program

It was the express purpose of this program to collect water tempera-
ture data across Lake Superior beginning during the time of fall overturn
and continuing for as long as possible thereafter. To reach this objec-
tive, a sampling program was initiated to take water temperature profile
measurements across the lake at periodic intervals. These intervals were
affected by weather conditions as well as ice conditions and ship
schedules but in general were approximately 2 weeks in length.

Seven cruises were made during the two winter seasons (see table 1).
A cruise, usually taking 2 or 3 days, is defined as the time period
required for a vessel to transit the lake either in an eastward (downbound)
direction from Duluth or Two Harbors, Minn., to the locks at Sault Ste.
Marie, Mich., or westward (upbound) from the Soo locks to Two Harbors.
The sequence of the XBT casts varied depending on whether one or two
persons made the cruise (see table 2 for dates and locations of XBT casts).
During the four cruises of the 1972-73 winter season, the casts were made
consecutively on a 24-hour basis, while those of the 1973-74 winter season
were made in two segments, half of them being taken upbound and half
taken downbound, with an area of overlap abeam of the Keweenaw Peninsula.
The cruises were made aboard commercial vessels following the Lake
Carriers' Association's recommended shipping route (see figure 1). It
should be noted, however, that the courses and subsequently the station
sites are not the same for all cruises.

2.2 Equipment

The water temperature profiles were taken by means of a portable
XBT system and were continuously recorded in degrees Celsius from the
surface to the bottom or to a maximum depth of 200 m (656.16 ft) for
each station. A Sippican Expendable Bathythermograph Recorder, model
MK 2A-1, with a KOR 12 shallow water modification kit was used, coupled
with a model IM 3-1 hand held launcher and Sippican T-10 XBT probes
(see figure 2). Model MK 2A-1 has a temperature sensing range of -1.7°C
to +35.5°C (28°F to 96°F), a temperature recording accuracy of +0.2°C
(#0.4°F), and a depth recording accuracy of +2% or 4.57 m (15 ft), which-
ever is greater.

2.3 Methods

The recorder was set up at a 120 volt a.c. power supply near the
stern of the ship in an area that would be maintained at temperatures
above 0°C (32°F). A 15.24 m (50 ft) electrical cord connected the
recorder to the hand held launcher and thus provided some flexibility
of recorder location. The procedure for making a temperature profile



Table 1. Bathythermograph Cruises, 1972-73 Winter Season

Cruise No. Date Vessel Number of Stations
1 20, 21 Dec. 1972 C. J. Callaway Ga*
2 27, 28 Dec. 1972 P. R. Clarke 45%
3 15, 16 Jan. 1973 A. M. Anderson 30
4 31 Jan., 1 Feb. 1973 C. J. Callaway 28

1973-74 Winter Season

I 19, 20, 21 Dec. 1973 A. M. Anderson 31*
2 10, 11, 12 Jan. 1974 A. H. Ferbert 32
3 22, 23 Jan. 1974 P. R. Clarke 24

L]
Due to malfunctioning probes, ice interference, or other factors, the actual .
number of stations with valid data differs slightly.

A

Two
Harbors

Sault Ste.

Marie
KILOMETERS
P = 9
STATUTE MILES LAKE SUPERIOR
a i W

Figure 1. Lake Carriers' Association's recommended shipping route.



measurement consisted of loading an XBT canister into the hand held launcher,
checking to see that the recorder calibrated at 16.7°C (62°F), taking the
launcher to a convenient location on deck, and releasing the probe clear

of the ship. When the release pin holding the probe in the canister is
withdrawn, the probe falls from the canister and descends through the water
unwinding a thin wire from the probe spool. The canister remains in the
launcher with wire also unwinding from its spool. The two spools of wire,
unwinding simultaneously, allow the wire to lie free in the water from the
point of entry without being affected by the moving ship or the descending
probe. The weighted nose of the XBT probe contains a temperature-sensitive
thermistor, and the probe is spin-stabilized to assure a known velocity
profile. A record of temperature in degrees Celsius and of depth in meters
to a maximum depth of 200 m (656.16 ft) was continuously recorded as a
graph on a calibrated paper chart for each cast (see figure 3).

Casts were made at 30-minute to l-hour intervals, depending upon the
detail desired for each cruise or portion of a cruise.

3. DATA REDUCTION AND PRESENTATION
3.1 Data‘Reduction

After each cruise the ship's course and the station sites were plotted
on a lake chart using information recorded from the ship's log. The
temperature-depth profile for each station was abstracted from the graph
to a coding form along with the cruise number, station number, latitude
and longitude to the nearest hundredth of a degree, maximum depth at the
station to the nearest meter, and the date. The temperatures were recorded
to the nearest tenth of a degree for each meter to a depth of 100 m
(328.08 ft) and thereafter for each 10 m (32.81 ft) of depth to a maximum
of 200 m (656.16 ft). The information on the coding forms was subsequently
punched on computer cards.

3.2 Data Presentation

Because the data gathered during the seven cruises is too voluminous
to reproduce in its entirety, only an edited version is presented in this
report. A computer program was writtenm to print temperature and depth
only when the temperature changes by 0.1°C (= 0.2°F) or more in a l-m
depth increment for the first 100 m and in a 10-m depth increment for
depths from 100 to 200 m. Table 2 presents this data in tabular form.

At station 25 of Cruise 1, 1972, for example, the temperature at the
surface was 3.5°C, (38.3°F), changed to 3.6°C, (38.5°F) at 41 m (134.51
ft) and remained at that temperature (see figure 3). In table 2 this
data is presented as follows: surface temperature 3.5°C, change in
temperature to 3.6°C at 41 m, temperature at the deepest reading, which
at this station is 200 m, 3.6°C.



Figure 2. Bathythermograph
recording equipment (photo-
graph used with permission of
the Sippican Corp., Mariom,
Massachusetts).

Figure 3. XBT chart for station 25, cruise 1, 1972 (chart used with
permission of the Sippican Corp., Marion, Massachusetts).
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